INTRODUCTION
Distal radial fractures with dorsal angulation are common and tend to suffer secondary displacement after conservative treatment. Because the distal radius is important in the kinematics of the radiocarpal and radioulnar joints, open reduction of the articular surface and restoration of the radial length, volar angulation, and radial inclination are the prerequisites for good clinical outcome. Because the distal radius is the foundation of the wrist joint and an indispensable part of ligamentous support, reconstruction of articular congruity and stable fixation reduces the incidence of post-traumatic osteoarthritis and allows early functional rehabilitation.
The surgical approach depends on the direction of the displacement of the distal fragment. Dorsal plating has been an option for patients with dorsally angulated distal radial fractures; however, the complication rate of this approach remains high. [1] [2] [3] Although double plating has been advocated for unstable distal fractures of the radius, loss of reduction related to comminution and osteoporosis is common. 1, 4, 5 A volar approach has been developed for fixing a dorsally angulated fracture of the distal radius. It has several advantages, including the more spacious volar aspect of the distal radius, the avoidance of both dorsal dissection and its attendant complications of the extensor tendons, and the possible deprivation of blood supply to the dorsal metaphyseal fragments. 1, 6, 7 The intrinsically stable locking compression plate utilises a threaded screw head that locks into the plate holes when the screws are tightened, providing angular and axial stability and minimising the possibility of screw loosening. This is particularly useful in the prevention of secondary displacement of the unstable fracture in elderly patients with osteoporotic bone. 6, 7 We undertook this study to evaluate the functional and radiological results of treating the dorsal unstable distal radius with a volar locking plate.
MATERIALS AND METHODS
From November 2001 to July 2003, 54 patients with distal radial fractures were treated with open reduction and internal fixation using a locking compression plates in Kwong Wah Hospital, Hong Kong. Of these patients, 33 had dorsally displaced fractures of the distal radius fixed with a volar locking plate (Figs. 1 and 2). Inclusion criterion was failure of closed reduction of a dorsally displaced fracture of the distal radius with residual radiographic displacement, defined as >15º of angulation in any plane, >2 mm of articular step-off or gap, or >2 mm of radial shortening. Exclusion criteria were fractures of the immature skeleton, dorsal Barton fractures, distal radial fractures extending to the shaft of the radius, and concomitant fractures of the same limb.
All procedures were performed under general or regional anaesthesia. The procedural application of the volar approach was determined by which fragment was to be fixed first. In cases initially approaching the radial styloid fragment, dissection between the flexor carpi radialis tendon and radial artery was usually adopted. For the die-punch volar fragment, dissection between the median nerve and flexor carpi radialis tendon was used. The virtual space underneath the flexor tendons (Parona's space) was developed, and the distal and radial borders of pronator quadratus were lifted and retracted ulnarly. Open reduction was performed with the aid of intrafocal leverage, traction by an assistant, and the fixation by temporary Kirschner wires. As the subchondral screws and Kirschner wires were able to maintain the reduced articular surface, bone grafting was not necessary in most patients. The need for bone grafting was determined intraoperatively based on the level of subarticular support available, for example when traction and Kirschner wire could not correct the radial length due to significant bone loss. The plate used was a 3.5 mm obliquely T-shaped locking compression plate (Mathys and Synthes, Switzerland) [ Fig. 3 ].
Physiotherapy and occupational therapy were started after 2 weeks of protection with a dorsal slab. Follow-up radiographs of the wrists were taken to assess reduction and bony union. Fractures were classified according to Association for the Study of Internal Fixation 8 and various criteria 9, 10 (Tables 1  and 2 ). Radiological parameters-including volar tilt, radial inclination, and ulnar variance-were measured before and after surgery, as well as at the final follow-up. Ulnar variance was corrected by comparison with the contralateral arm. Modified Lidstrom radiological scores were used according to Sarmiento et al. 11 Subjective and objective functional results were graded using modification of the demerit point system of Gartland and Werley. 12 The subjective evaluation consisted of pain, disability, restricted activity, and limitation of motion. Objective evaluation consisted of grip power, range of motion of the wrist and forearm, and complications such as finger contracture and median nerve injury.
RESULTS
Follow-up duration varied from 12 to 32 months; 30 of 33 patients were available for the regular follow-up and final assessment: 2 defaulted and one died from an unrelated medical problem. The mean age of the 30 patients (11 men and 19 women) was 58.6 years (range, 35-92 years). Half of the patients (n=15) had dominant limb fracture. Injuries were caused by a slip or fall (n=25), road traffic accident (n=1), and fall from a height (n=4). One patient had grade-one open fracture, whereas all others had closed fractures. Preoperative radiographic evaluation showed that the mean dorsal angulation was 19º (range, -6 Ο -47
, and mean radial shortening 3 mm (range, 1-5 mm). Residual intra-articular incongruity of the 30 fractures had a mean step-off or gap of the articular surface of 1.5 mm (range, 1-3 mm). The mean interval between injury and surgical stabilisation was 6.6 days (range, 1-29 days). One internal fixation was delayed because the patient was initially treated with an external fixator but had a failed fracture alignment. Eight patients had regional anaesthesia and 22 received general anaesthesia. Autologous bone graft was performed for one patient, and bone substitute (tricalcium phosphate chips) was used for another to fill large bone defects in which open reduction had failed to restore the height of the articular surface.
Postoperative radiological assessment showed that the mean volar angulation of the distal radius was 5 Ο , mean radial inclination 22 Ο , and mean radial shortening 0.1 mm. Both stepping and gapping were corrected postoperatively. Only one patient had suffered a secondary displacement by the final assessment. This patient presented with C3 intraarticular fracture where external fixation had failed prior to plating, resulting in the loss of 2 mm of radial length and 7 Ο of volar tilting. All other fixations were maintained throughout the follow-up period so that the final assessments were exactly the same as intraoperative alignments. According to modification of Lidstrom's radiological scores 11 (excellent, 0; good, 1-3; fair, 4-6; poor, 7-12), 22 patients were excellent and 8 were good. The time to union could not be determined because radiographs could not be taken frequently enough; some fractures healed long before the final radiographic assessment.
No patients had experienced a change in daily activity or occupation after one year, except a single patient who became unemployed due to a non-medical reason. The final mean range of motion was flexion 55 Ο , extension 59 Ο , supination 98 Ο , and pronation 82 Ο , and the mean grip power was 19 kgf on the injured side and 28 kgf on the normal side ( Table 3) . Modification of Gartland and Werley's classification 12 was used for the functional assessment, and 24 patients achieved excellent functional scores, while 5 and one patients had good and fair results, respectively (Table 4) .
Complications included carpal tunnel syndrome (n=2), which developed soon after injury. Conservative treatment was advised and nocturnal splintage was given. Four patients had hypertrophic scars and were treated conservatively. One patient suffered an attrition rupture of the extensor pollicis longus tendon, unrelated to the operation, which was treated with tendon transfer. There was no nonunion or wound infection in this study.
DISCUSSION
The surgical approach to distal radial fractures depends on the direction of displacement of the distal fragment. Dorsal plate fixation is biomechanically effective in buttressing a dorsally displaced fracture of the distal radius. Nine degrees of dorsal angulation has been reported in volar plate fixation (titanium symmetry plate) of Colles-type distal radial fractures. 13 On the other hand, Leung et al. 7 demonstrated no statistical difference between axial loading transmission through the intact radius and distal radial fracture fixed with a volar locking plate. In fact, the volar locking plate showed advantages over dorsal plating in the fixation of dorsally unstable distal radial fractures. The dorsal approach often requires dissection of the extensor retinaculum, and sometimes resection of the Lister's tubercle. The extensor pollicis longus tendon is, therefore, commonly exposed to mechanical attrition by the plate and screws. In the volar approach, the space of the volar aspect of the distal radius provides more room for implant placement. The quadratus pronatus can also sometimes act as a barrier to minimise irritation to flexor tendons.
The volar cortex of the distal radius was very often not as severely comminuted when compared with the dorsal cortex. Anatomical reduction of the palmar cortex may avoid the shortening of the radius, which is important to its restoration. The palmar cortex is also relatively flat, and the plate is better contoured for application from this aspect than on the dorsal cortex of the distal radius.
Based on the principle of the internal fixator, fixation stability does not rely on the friction between the implant and the bone; the inherent angular stability of the screw and plate mechanism acts as a single unit to hold and support the bone fragments. Therefore, it is not necessary for the fixed-angle locking plate to conform perfectly to the palmar cortical surface of the distal radius. This makes the plate application technique simpler and better preserves the blood supply to the bone fragments, which is crucial for fracture healing. In the present study, there were no complications with the flexor tendon or with wrist joint impingement, nor was there any cutting out of screws or implant loosening.
First, a standard cortical screw was applied to the most distal oval hole of the vertical limb of the plate in order to temporarily secure the plate to the proximal fragment. This allowed concomitant proximal and distal plate adjustment. After fixing the distal fragment with subchondral locking screws, radial length was gained, when necessary, by pushing the plate distally. The first standard screw can be either left in situ or exchanged with another locking screw; the oval hole is a combination hole designed for locking head screw placement at the distal end and standard screw placement at the proximal end of the same hole. The optimal placement of the distal screws is important: they must be inserted at the radial styloid, beneath the lunate facet, and near the sigmoid notch. The distal screws can be of either monocortical or bicortical engagement. Dorsal comminution may not afford The drawback of our study was that the patients recruited were heterogeneous in terms of the type of fracture and patient demographic background. It would have been better if the recruitment had focused on the fracture subtype according to Association for the Study of Internal Fixation 8 in a similar population, such as C2 fractures in elderly women. It is difficult to obtain a direct comparison of volar and dorsal fixation on the distal radius using locking plate mechanism, though future studies will be more convincing if they can recruit both types of patients. Furthermore, the choice of an angulated locking plate conforming to the palmar cortex of the distal radius can be advantageous. It may help fracture reduction to some extent, though the direction of the distal locking screws must be adjusted accordingly. The present study required adjustment of the plate and screws according to the normal inclination of the palmar cortex of the distal radius in the Chinese population.
CONCLUSION
Volar application of a locking compression plate for dorsally displaced distal radial fracture is a safe alternative. It provides stable fixation to dorsally displaced fractures of the distal radius with excellent radiographic and functional results and minimal complications.
